The crystal structure of cyclohexylhemiacetal (cycHx-CH) was determined at 296 K: monoclinic, space group P2 Jc, a =1028.7 (9), b = 609.5 (1), c = 1811.9 (4) pm, and ß = 99.79 (3)°, Z -4, R = 0.0552. The three 5s Cl NQR lines in cycHx-CH, T., T2, and T2*, were measured by a pulsed method at 80-300 K. Below 200 K Tf 1 obeyed the T law well, indicating that the spin lattice relaxation is governed by lattice vibrations. The reorientation of CC13 seems to be responsible for the sharp T: drop observed above 250 K. Shoulders in the T { vs. 1/T curves indicate the presence of Ti minima at about 240 K. A fluctuation of the EFG due to a dynamic disorder of hydrogen atoms in the OH groups is assumed to explain the T x minima.
Introduction
In the previous work it was found that the spin lattice relaxation time (TJ of CI NQR of chloral n-butylhemiacetal (nB-CH) shows an unusual minimum at around 240 K [1] . This behavior has been tentatively explained by the fluctuation of the electric field gradient (EFG) caused by a dynamic disorder of hydrogen atoms in the hydrogen bond chains of the compound. Moreover, a peculiar minimum of the spin-spin relaxation time (T 2 ) was also found for nB-CH and chloral iso-butylhemiacetal (isoB-CH) [2] .
The title compound, chloral cyclohexylhemiacetal (cycHx-CH), as well as nB-CH and isoB-CH are members of homologues having the formula CCl 3 CH(OH)OR. In the present work we investigated the relaxation times of CI NQR and the crystal structure of cycHx-CH to study the molecular motions in the crystal. T x , T 2 and the inverse line width parameter (T'*) of 35 C1 NQR were measured with a conventional pulse spectrometer. T x was determined by the echo sequences 90 o -T-90°-T'-180° in the temperature range where the values of Ti are longer than those of T 2 , and by 90°-T-90° pulse sequences in the higher temperature range. T 2 was measured by a conventional spin echo method (90°-r-180°). T 2 * was determined as the time required for a given induction signal to decay to 1 /e of its maximum value. Experimental values of T* were directly obtained from the free induction tails following pulses and also from the shapes of individual echoes. The width of the 90° pulse was about 10 ps for v 3 and about 20 ps for v x and v 2 , since is close to v 2 (see below).
Crystal Structure Analysis
The crystal structure of cycHx-CH was determined by the single crystal technique at room temperature using Mo Ka radiation. The experimental details are given in Table 1 . The crystal structures were solved by the direct method (MULTAN 78) [4] and refined by the least-squares method (HBLS-V) [5] . For two hydrogen atoms (H7 and HI2), their positions and the temperature factors were not refined, but fixed. All calculations were performed on an ACOS 1000 Computer at the Information Processing Center of Kobe University with the UNICS system [6] .
Infrared Spectrum and Dielectric Measurements
Infrared (IR) spectra were recorded on a Hitachi EPI-G2 spectrometer. The temperature dependence of the spectra was measured by using a conventional cryostat described in [7] ,
The dielectric losses were measured by means of an LCR meter (ANDO, AG-4311). The frequency range used was 0.1 to 100 kHz. x, y, z;
x, \ + y,
x, y, z;
x, j -y, j + z Table 1 gives the crystallographic data of cycHx-CH. Table 2 lists the positional and thermal parameters of the atoms in the asymmetric unit of the crystal. The bond lengths and bond angles are given in Figs. 1 and 2, respectively. The values given in these figures show no unusual features. The molecular packing projected along the b axis onto the (ac) plane is shown in Figure 3 . Figure 4 shows the temperature dependence of the 35 C1 NQR frequencies (v 1; v 2 , and v 3 ). Since three lines are close to each other, the measurements of relaxation times of Cl NQR by the pulsed method were carefully carried out at all temperatures investigated.
Results
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• :c • :C The temperature dependence of and T 2 of the CI NQR are shown in Figure 5 . The three resonance lines faded out at about 300 K. In addition to the sharp drop of Tj appearing above about 180 K, each of the T x vs. 1/T curves shows a shoulder at around 240 K. This phenomenon indicated the presence of T x minima superimposed on the sharp drop of T t .
The values of T 2 * for , v 2 , and v 3 were in the range between 40 ps and 130 ps, indicating that lattice imperfections dominate the widths of the NQR lines.
IR spectrum and dielectric behavior
The IR band assigned to the OH stretching vibration was found to split into two components (3457 and 3409 cm -1 at ca. 289 K and 3437 and 3371 cm" 1 at ca. 82 K). The relative intensity of the lower wavenumber component became markedly stronger at lower temperatures, as shown in Fig. 6 . The OD stretching band in the deuterated compound exhibited the same feature. No appreciable dielectric loss was detected in the temperature range between 150 K and 300 K under the applied frequency range between 0.1 kHz and 100 kHz. For convenience, the T { behavior above 250 K will be discussed next. The T x vs. 1/T curves in this temperature range can be described by the equation
The values of 10~1 2 fr and £ a for three lines are 3.48 ±0.14 and 45 + 5 kJ/mol, respectively. The magnitude of £ a of about 45 kJ/mol is comparable to those found for CC1 3 groups in a number of compounds [9] . Therefore, the behavior of cycHx-CH above ca. 250 K can be explained by the reorientation of the CC1 3 . It should be noted, however, that this explanation is an approximate one, and, if the behavior shown in Fig. 6 is examined closely, a break in the Ti vs. 1/T curve seems to exist at about 280 K. A detailed study on this point is now in progress. In the temperature range from 180 K to 280 K the Ti vs. 1/T curves are anomalous: they have shoulders at about 240 K. In order to examine the Ti behavior around 240 K in detail, the parts of the spin-lattice relaxation rate given by (1) were subtracted from the observed values of T{~1. The results shown in Fig. 7 indicate the presence of Ti minima superimposed on the sharp decrease of T x due to the motion of the CC1 3 group. Then, Ti vs. 1/T curves with T x minima shown in Fig. 8 were extracted as differences between the T t shown in Fig. 7 and those calculated by using (2) . The Ti's can be described approximately by the equation * 
T(K)
300
where T = T 0 exp(E m /RT).
The values of 10 17 r o are 2.52 s for v x and v 2 and 8.93 s for v 3 . The values of E m are 36.7 + 3.0 kJ/mol for v x and v 2 , and 34.3 ± 3.0 kJ/ mol for v 3 . The solid and broken curves in Fig. 8 denote the values of T t calculated by (3) with T 0 and E m as obtained above.
The spin-lattice relaxation due to the electric quadrupole interaction is far more important than that due to the magnetic dipole-dipole interaction. Therefore we consider only the electric contribution to T t arising from a particular lattice motion. For the unusual T x minimum (<0.01 ms) found for nB-CH, a jumping motion of hydrogen atoms in the OH groups associated with a dynamic disorder has been proposed as a possible source of the fluctuation of EFG. The crystal structure of cycHx-CH is quite similar to that of nB-CH; both crystals are characterized by chains of O-H • • • O hydrogen bonds running along a 2 X axis. It seems probable that similar dynamic disorder to that of nB-CH takes place in cycHx-CH, too. The * An equivalent potential well for the hydrogen atoms is assumed here.
splitting of the IR OH band found for cycHx-CH supports this idea. Therefore, one may assume the same mechanism as in nB-CH to interpret the T x minimum observed with cycHx-CH.
According to this mechanism, it is reasonable that the value of the Ti minimum of v 3 differs from those of Vj and v 2 because the distance between the corresponding Cl atom and the fluctuating H atom is different. The observation that appreciable dielectric dispersion could not be detected might indicate that the magnitude of the fluctuation of the hydrogen atoms is too small to produce significant dielectric dispersion.
